The authors proposed the method to estimate the performance of motion control function with a visual synchronization task. The proposed method is enable to measure and estimate the motor control function precisely and easily. This paper confirms the ability of the proposed method to observe the circadian rhythm of a brain activity of a human. This paper shows the proposed method and the measuring process. Then, the experiments are shows and are discussed. The experiments include 165 trials. There are objective differences of the performances of a brain function among time zones. T-test confirms this result.
INTRODUCTION
Circadian rhythm controls many functions of our body. From the red blood cells to body temperature [1] [2] . There are circadian rhythms in neuron cells. Our body shows circadian rhythm also. Our brain also a major part of our body to show circadian rhythm. A sleep is a main result of our body's circadian rhythm. With our activity, our brain performance changes. Our proposed visual synchronization task and measuring method is more precise than classical tapping test and Padua peg board test [1] [3] . Our proposed test is easy to execute in a short time. We will confirm the ability of the proposed visual synchronization task for measuring the circadian rhythm of our brain activity. There are many motor tasks that measure the abilities of motor control functions of a human. They are the Purdue pegboard task, a seal affixation task, a tray carrying task, etc. [4] [5] [6] . These tasks estimate the ability of a motor control function of a human based on the results of the tasks. There is no observation of the process of the tasks. There are also some synchronization tasks used to measure motor control function of a human. One example is a synchronization of finger taps with periodically flashing visual stimuli and synchronization with an auditory metronome. In these tasks, the timing between the stimuli and the tapping is measured. There is no observation of the process of the tapping [7] [15] . There are many applications that use those sensors for controlling computers. For instance, there are many video games that use those sensors for controlling an avatar in the games [16] . Using the new motion sensor, we can measure the motion of hands easily and precisely. The human hands are the parts of a body that can make the most complex movements. We have proposed a method that measures the precise movements of hands synchronizing the movements of hands on a display. The synchronization needs visual perception of the displayed hands' images and precise control of the arm muscles. The resulting measure is very sensitive. With this measure, we can observe the performance of the motor control function precisely. This paper confirms the ability of the proposed method to measure the circadian rhythm of a brain activity of a human. This paper shows the proposed method and the measuring process. Then, the experiments are shown and discussed. First, this paper proposes a task to synchronize hands' movements with visual presentation. Then, the author discusses the measure of motor control function about visual synchronization of hands' motions. Next, this paper discusses the experiments to measure the circadian rhythm and the experimental results. And last, the author concludes this work.
VISUAL SYNCHRONIZATION TASK

Task
There are many motor tasks that intend to measure the motor control function of a human. However, most of these tasks measure the results of the tasks. There are some tasks that measure the synchronization between a finger tap and stimuli. With human observations, it is difficult to measure the process of Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are notmade or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Copyrights for components of this work owned by others than ACM must be honored. Abstracting with credit is permitted. To copy otherwise, or republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee. Request permissions from Permissions@acm.org. ICBCB '17, January 06-08, 2017, Hong Kong, Hong Kong © 2017 ACM. ISBN 978-1-4503-4827-0/17/01…$15.00 synchronizing movements. Now, we can use a Kinect sensor and a Leap Motion sensor. These sensors measure the three-dimensional movements of a human body. With these sensors, we can measure the precise movements of a human body.
We can synchronize our movements with each other. For instance, in playing a dance, dancers can synchronize their movements with each other. A synchronization of movement is more difficult work than a simple imitation of movement. To generate synchronized movements, we need to observe the motion to be synchronized. We need to generate the motion to be similar to the motion synchronized. We need to observe the generated motion synchronizing the original motion. We need to estimate the divergence between the original motion synchronized and the motion synchronizing the original motion. We need to control the speed of the motion synchronizing. These functions make the feedback loop. However, for compensating our brain's processing delay, we need to estimate the delay itself and to make feedforward. To make feedforward, we need to remember and to forecast the periodic motion.
This processing loop is shown in Figure 1 . For estimating the total brain function, we need to include all the functions of a brain. The visual synchronization task includes vision and motor control functions. The vision includes not only the static sight, but also the dynamic sight.
The visual synchronization is more difficult than audio synchronization. So, we observe the wider brain functions with the visual synchronization tasks than the audio synchronization tasks.
Our proposed visual synchronization task is the synchronization between the position of stimuli on a display and the position of the hands. Our synchronization task is not the synchronization between the timing of the stimuli and the timing of action. The measurement of timing is only one scalar value. In our proposed synchronization task, the measurements of positions both of the stimuli and the hands are the sequence of a triple of the positions of the stimuli and the ones of both hands. In one cycle of movement, we have larger amount of measurements from the proposed visual synchronization task than the tapping test.
Motor control function measure
We have large amount of measurements in a trial. We hope to show a simple scalar measure that represents the total brain activity. We define the motor control function measure using FFT (Fast Fourier Transform) results of the measured poses of both hands in each cycle. If a subject makes complete synchronization to the stimuli, the resulting pose of both hands follow a complete sine curve. As a result, at every cycle of the rotation of hands, the result of FFT has a zero value at the second term or higher terms. We define the measure as (1). This measure increases with the amount of the difference of a hand's pose from ideal sine curve.
In (1), t is the number of terms. is the absolute value of the xth term of the result of FFT. 1 is the power of the lowest frequency. This represents a one cycle of a hand's rotation. If the rotation of a hand follows the stimuli images precisely, the 1 carries all powers of the hand's rotation. Other terms carry no power. In the case, the measure in (1) is 0.
0 is a value that represents the average of poses. This is not included in (1) . As a result, this measure does not depend the absolute poses of hands.
We call this measure as Non-Smoothness-Measure (NSM). This measure may span from 0 to infinite. Our proposed system observes two hands. So at every cycle, we have two NSMs.
MEASUREMENTS OF CIRCADIAN RHYTHM
Experiments
We made 165 measurements from 9/11/2015 to 20/2/2016. Table  1 shows the distributions of trials in time.
In mid-nights, there is a few trials. There is no trial at 18 nor 19 o'clock. It is difficult to measure at fixed time and with fixed interval. Figure 2 illustrates the distributions. Of cause, there is a few trials in mid-nights.
Trials
A trial is a 15 cycles of hands rotations. Each rotation of hands takes one second. There is 15 seconds at each trial. This is long enough to measure and easy to be done.
Performance measure
We have 15 pairs of NSMs at each trial. There are 30 NSMs. However, we hope to define a scalar measure that represents the brain activity of a subject from the 30 NSMs.
Our previous experiments show that the difference between a left hand and a right hand is small. However, we treat both hands. There is 15 NSMs at a hand. We can use the mean to define the scalar measure of a brain activity. However, it is difficult to keep the hands movements in 15 seconds. There is a difference among 30 NSMs. We can use the mean of all 30 NSMs. However, there are some error measurements. Our experiments show that the first cycle shows big NSMs, because a subject try to synchronize his hands' movements to the displayed hands' movements. There is a small NSM caused from accidentally matching between the displayed movement and the subject's movement.
We define the NSM of a trial as (1) . We call the NSM of a trial as TNSM in the following.
In (2), ℎ, is a of a hand ℎ at cycle . The TNSM shows the best performance of a subject in a trial. We use this TNSM for evaluating the performance of a subject in a trial. In simply, the TNSM is the best performance of a subject in a trial. There are persons that can only keep their hands movements properly in a very short period. Those persons may have some kinds of problems about their brain functions. However, we only treat a brain performance in a short period. Table 2 shows the mean and the standard derivation (STD) of TNSMs in each time zone. A time zone starts from the just the hour and end to the next hour. The mean of TNSMs is 0.249. The STD is 0.0503. Figure 3 shows the changes of the mean and STD. The bars represent the means. The lines show the STDs.
Results
From Figure 3 , it is difficult to find apparent patterns. We find three minimal time zones. They are 7, 12, and 15 o'clock. Our first question is "Really, they are minimal points?". We check the difference with the t-test. Table 3 shows the results of t-test between the time zone of 7 o'clock and ones of the following time zones. The mean of 7 o'clock is near the mean of 8. The t-test between 7 and 8 o'clock says that the probability of the sameness is 0.39. So, we cannot treat the TNSMs of 7 o'clock and the ones of 8 o'clock as different populations.
7 o'clock
We treat the TNSMs both of 7 and 8 o'clock as a single population，and compare it with the TNSMs in other time zones. Table 4 shows the results of t-tests between time zone from 7 to 8 o'clock and other following time zones. The TNSMs of the time zone 7 and 8 o'clock shows difference of the TNSMs of time zone of 9 o'clock. The mean of TNSMs of 9 o'clock is apparently larger than the that of 7 and 8 o'clock.
12 o'clock
The mean of the TNSMs of the time zone of 12 o'clock is other least point. We show the result of t-test between the TNSs of 12 o'clock and ones of following time zones in Table 5 . Table 5 shows that the TNSMs of 12 o'clock is included in a population of 13 and 14 o'clock. 
15 o'clock
The mean of TNSMs of 15 o'clock is the smallest in all time zones. 
DISCUSSIONS
Subject's custom
There may be the relation between subject's activities and the brain activities represented TNSMs. Table 7 shows the subject customs. Of cause, there are some irregular days. However, there is a few irregular days. Normally, a subject wake up at 6. Then, around 7, he has a break-fast. Next, he drives a car to his office. Then, he works. Around noon, he has a lunch, then works. Next, around 17 he drives a car to the home. Then, he has a dinner in 18 o'clock.
Relation between activity and TNSMs
After every ingestion, TNSMs increase in 2 hours. After ingestion, we may be sleepy. The measured TNSMs may represent this tendency objectively and numerically. The other effective activity is driving a car. After the time zone where a subject drives a car, there is a sharp increase of the TNSMs. This represent the tiredness of a subject. In driving a car, we must keep our attention.
CONCLUSION
This paper presents the ability of our proposed visual synchronization task and observation method that measures the motor control function of our brain. A subject shows a dairy change of the performance of motor control function. There are differences of the performances among time zones. This is confirmed by t-tests. However, this observed daily change may be a result of circadian rhythm or not is a problem.
Our measuring method of motor control function cannot distinguish the causes. We need to much more experiments with the precise life activity records. 
